ABSTRACT Cassava foliage is a by-product of cassava and has been widely used in animal feed. However, little information is available on its utilization for geese. In this study, we investigated the effects of cassava foliage on the performance, carcass characteristics, and gastrointestinal tract development of geese. A total of 108 28-day-old Hainan indigenous male geese with similar body weight were randomly divided into 3 groups with 6 pens of 6 geese per group and fed for 42 D on either the control diet of ground maize, soybean meal, and wheat bran or the experimental diet of ground maize, soybean meal, and wheat bran supplemented with 5% or 10% cassava foliage, respectively.
INTRODUCTION
Cassava, Manihot esculenta Crantz, is a Euphorbiaceae woody shrub and major food crop grown in tropical areas around the world. Cassava is the most important root crop that constitutes staple food for millions of people in tropical and subtropical countries (Wang et al., 2014a) and is also widely used for bioenergy, biomaterials, and animal feed (Sahle et al., 1992; Anyanwu et al., 2015) . Cassava foliage is known as an agricultural by-product with high protein content, gross energy, and mineral elements and can be used as animal feed. Although cassava foliage also contains high levels of hydrogen cyanide (HCN), which limits its application, with the development of science and technology in recent years, it has been widely used in livestock production as dietary. For example, 60% dried cassava leaves for 10-12-month-old goats, 75% cassava hay diet for 18-month-old sheep, and a mixture (50:50 on a DM basis) of cassava leaves and sweet potato vines (ensiled or dried) for 5-month-old pigs exhibit positive effects on their growth performance, digestibility, and carcass characteristics (Oni et al., 2010; Fasae et al., 2011; Nguyen et al., 2012) . From the feed resource perspective, little information is available regarding the utilization of cassava foliage for poultry. Cassava foliage could improve chickens' and ducks' nutriment digestion and digestive organs development (Borin et al., 2006) . However, utilization of cassava foliage for geese has not been explored.
Geese are herbivorous waterfowl. The meat of geese is considered as a healthy food, with high quantity of amino acids, low fat, and higher unsaturated fatty acid, and is beneficial to human health (Liu and Zhou, 2013) . The demand for goose meat is greatly increased during recent years with the change of diet habits. China has the largest goose industry in the world; its slaughtered number was 616,303,000 herd, and the meat production was 2411,829 tons in 2016 (FAO-STAT, 2016) . The diet of geese is dominated by concentrated feed, which are processed from soybean meal, corn, and other grains (Ma and Wang, 2014) . With the development of geese industry, feed demand is huge. Nevertheless, the high growth of feed has consumed a lot of grains, especially corn, so as to result in the problem of grain's being turned into feed globally, which greatly increased the cost of geese rearing and affected the food security 2133 of China. Geese were considered as herbivorous poultry with significantly higher body weight and bigger gizzards than chicken and ducks (He et al., 2015) . Its developed and powerful gizzard can generate greatest forces to disintegrate and destruction of the plant cell wall of the roughage with high fiber content (Jin et al., 2014) . In addition, geese have effective caecum fermentation. The microbiomes in geese's caecum actively ferment and convert fiber contents into digestible components for animal hosts, with a similar role to the rumen (Ye et al., 2017) . These special digestive physiological characteristics lead to the excellent fiber utilization and adaptability of geese, which could consume large amounts of roughage (Kokoszyński et al., 2014) . Moreover, from the perspective of reducing the cost of geese rearing and ensuring food security, it is very necessary to develop new feed resources. Numerous studies on the roughage (forage, corn straw silage, wheat straw, and rice byproducts) utilization in geese production have shown that higher fiber dietary could improve geese's digestive organs development and promote geese's production (Wang et al., 2010 Jin et al., 2014; He et al., 2015b) . Our previous study found that cassava foliage could affect the microbial diversity of the gastrointestinal tract in geese (Li et al., 2017) . However, it is currently unknown if cassava foliage affects gastrointestinal tract development in geese. Through the beneficial effects on gastrointestinal tract microbes, we predicted that cassava foliage will promote geese's production, but the appropriate supplemental level is unknown. Thus, the goal of the present study is to investigate the effects of cassava foliage as a dietary supplement on geese's performance, carcass characteristics, and gastrointestinal tract development. The main hypothesis for this experiment was that the performance of geese given the cassava foliage diet would be as well as those fed on the control diet. Another hypothesis was that the cassava foliage diet would facilitate geese's digestive tract development compared to the control diet.
MATERIALS AND METHODS
The study was approved by the Animal Care and Use Committee of Chinese Academy of Tropical Agricultural Sciences (CATAS) and performed at Tropical Animal Research Center of CATAS in 2014. All surgeries were performed according to recommendations proposed by the European Commission (1997) to minimize the suffering of animals.
Diets
Three sets of diets and cassava foliage were used in this trial; their compositions are shown in Table 1 . The control diet comprised ground maize, soybean meal, and wheat bran, and the experimental diets comprised ground maize, soybean meal, and wheat bran and sup- plemented with 5% cassava foliage (CF1) or 10% cassava foliage (CF2). The cassava foliage was harvested at the vegetative stage, cut at 100 cm (plant height was approximately 150 cm) from ground surface, and then chopped and insolated. The moisture content in fresh and sundried cassava foliage was 25.0% and 91.0%, respectively. All diets were formulated to meet or exceed the NRC (194) recommendations for geese and adjusted based on the research requirement of some nutrients for indigenous geese in tropical China. The diets were offered ad libitum, and water was available throughout the trial.
Experimental Procedures
A total of 108 28-day-old Hainan indigenous male geese with similar body weight from a breeding farm at Chinese Academy of Tropical Agricultural Sciences (Danzhou, China) were raised under normal conditions. These birds were distributed to 18 pens of 4 m × 6 m with 6 birds per pen and reared in a room without providing heating at approximately 25
• C under natural daylight. Each treatment had 6 replicates. Individual BW was recorded at age of 28 and 70 D, and the ADFI per pen was measured on a daily basis. Mortality was recorded as it occurred, and the feed conversion ratio (FCR) was corrected for the BW of any bird that died during the course of the experiment.
Measurements
After fasting for 12 h at age of 70 D and after weighing, 2 birds per pen (with body weight closest to the mean weight per pen) were chosen and sacrificed. The eviscerated carcass, abdominal fat, breast meat (pectoralis major and minor), and leg meat (including thigh and drumstick) were weighed on precision electronic balances (Shjingmi, Shanghai, China) to the nearest 0.1 g. The slaughter yield and eviscerated carcass yield were calculated as the percentage of live body weight. The weight yields of breast meat, leg meat, and abdominal fat were calculated as the percentage of eviscerated carcass weight. The gastrointestinal tract and organs were carefully excised and analyzed using the method of Amerah and Ravindran (2008a) with slight modifications. In brief, the length of each intestinal segment (duodenum, jejunum, ileum, and caecum) was determined with a flexible tape with an accuracy of 1 mm on a glass surface to prevent inadvertent stretching. The digestive tract from the proventriculus to the caecum of each bird was segmented. After removal of all connective tissues and fat, the content was flushed away using ice-cold saline, and the empty weight of each segment along with proventriculus and gizzard was measured and calculated as the percentage of live body weight.
Statistical Analysis
The experiment was completely randomized. All data were subjected to one-way analysis of variance using the general linear models of SAS software (SAS, 1996) . For performance parameters, pen means served as the experimental unit. For digestive tract and carcass measurements, individual birds were considered as the experimental unit. Linear and quadratic responses for cassava foliage level were assessed using orthogonal polynomial contrast statements. Significant differences at the 0.05 level due to treatments were separated by Duncan's multiple range tests. Differences were considered to be statistically significant at P < 0.05.
RESULTS
The effects of cassava foliage treatments on the performance of geese are shown in Table 2 . At the age of 70 D, geese on cassava foliage diet (CF1 and CF2) had significantly higher BW than that of geese on the control diet (P < 0.05), while there was no significant difference (P > 0.05) in BW between geese on CF1 and CF2. From the age of 28to 70 D, the ADG was significantly higher for geese on cassava foliage diet than that of geese on the control diet (P < 0.05), while there was no significant difference between geese on CF1 and CF2 (P > 0.05); the ADFI was significant higher for geese on CF2 than that of geese on control diet and CF1 (P < 0.05); and the FCR was significantly lower for geese on CF1 than that of geese on control diet and CF2 (P < 0.05). The mortality rate of three treatments was 0, which was not affected by diet. The cassava foliage treatment showed no linear effect (L, P > 0.05) and quadratic variation (Q, P > 0.05) on the performance of geese.
The effects of cassava foliage treatments on carcass yield of geese are shown in Table 3 . When sacrificed at the age of 70 D, the slaughter yield and eviscerated carcass yield of geese on CF1 and CF2 were lower than those of geese on the control diet, although not significantly (P > 0.05); the breast yield, thigh yield, and abdominal fat yield of geese on CF1 and CF2 were significantly higher than those of geese on the control diet (P < 0.05). In addition, the abdominal fat yield was significantly higher in geese on CF2 than that of geese on CF1 (P < 0.05), but the breast yield and thigh yield were not significantly different between geese on CF1 and CF2 (P > 0.05). The cassava foliage treatment showed no linear effect (L, P > 0.05) and quadratic variation (Q, P > 0.05) on the carcass yield of geese.
The effects of cassava foliage treatments on gross morphology of digestive tract of geese are shown in Table 4 . Compared with those of geese on the control diet, geese on CF1 and CF2 had significantly increased relative empty weights of jejunum and ileum (P < 0.05), relatively shorter lengths of jejunum and ileum (P < 0.05), but similar relative weights of proventriculus, small intestine, and caecum (P > 0.05) and relatively shorter lengths of small intestine and caecum (P > 0.05).The cassava foliage treatment showed no linear effect (L, P > 0.05) and quadratic variation (Q, P > 0.05) on the gross morphology of digestive tract of geese.
DISCUSSION
Cassava foliage is rich in protein, vitamins, and minerals. However, it also contains high level of HCN, which could lead to animal cyanide poisoning with symptoms of headache, nausea, dizziness, diarrhea, vomiting, and sometimes death (Bradbury and Denton, 2014) , thus limiting its use in animal feed. Fortunately, scientists have found that high temperature could promote cyanogenic glucoside decomposition, and drying was an effective way of reducing HCN concentration (Régnier et al., 2013) . In our study, the HCN content of cassava foliage and diet was closer or lower than 50 mg/kg DM, which was the Hygienical Standard for Feeds in China (GAQSIQ, 2001) . Therefore, the method of processing the cassava foliage of the present study was suitable, and the diet was safe for geese. In previous publications, supplementation with cassava foliage in the diet of large livestock such as goats, sheep, and pigs improves their growth performance rather than harming their health (Oni et al., 2010; Fasae et al., 2011; Nguyen et al., 2012) . The present study showed that supplementing cassava foliage to geese's diet significantly improved their daily weight gain and daily feed intake, which was consistent with the results of Borin et al. (2006) , showing that the feed intake of chickens and ducks is increased when the level of cassava leaf in diet is increased from 7 to 20%. These results indicated that after suitable process, cassava foliage is safe as an ingredient in poultry diet.
After a long evolutionary history, geese have adapted to roughage including high-quality cassava foliage. The effects of roughage on birds' physiology have been studied previously, but the results are controversy. For example, some studies similar to this study reported that supplementing roughage could promote the performances (e.g., intake and body weight gain) of poultry; Ponte et al. (2008) have reported that pasture (subterranean clover or white clover) intake can improve the nutritional quality of broiler meat. Jin et al. (2014) have shown significant differences in BW, ADG, and ADFI in geese fed on diet containing 4.86% Pennisetum hydridum meal compared with those of the birds fed on diet without Pennisetum hydridum meal. Wang et al. (2014b) have found that hulled rice and rice husk are good ingredients of goose diet, which have positive effects on BW, ADG, and FCR. However, other researchers have found that diet with roughage has no effect on goose's performance. Hetland et al. (2003) have found that oat hulls and wood shavings do not affect weight gain of broilers. Liu and Zhou (2013) have also found that alfalfa intake does not enhance growth performance of geese. He et al. (2015) have shown that four different fiber sources (corn straw silage, steamexploded corn straw, steam-exploded wheat straw, and steam-exploded rice straw) have no significant effects on ADG and carcass characteristics. These discrepancies may be related to the composition and consumption of different roughage.
The present study also showed that cassava foliage diet significant improved breast yield, thigh yield, and abdominal fat yield of geese but not the slaughter yield and eviscerated carcass yield. The results are consistent with the previous reports (Liu and Zhou, 2013; Wang et al., 2014b) , showing that roughage increases the carcass characteristics. However, Castellini et al. and Janicki et al. have reported the contradictory results on the effect of roughage on abdominal fat yield, showing that the higher energy intake group has higher abdominal fat yield, and the difference of energy intake may result in the diversity of abdominal fat (Castellini et al., 2000; Janicki et al., 2000) . These results indicate that the effects of roughage on carcass characteristics, especially relative meat production, were diverse and could be affected by bird species and their digestive physiology.
Normally, the diet with high-fiber content has low volumetric weight, such as roughage with low effective energy content as the compensatory intake increasing, resulting in an increase in the animal digestive tract volume and the weight of the digestive organs to be more adaptable (Wang et al., 2014b) . Moreover, the bird with roughage-containing diets has shorter gut components, larger diameter, and higher surface area of the intestine compared to those receiving the whole grain diets (Jin et al., 2014; Wang et al., 2014b) . In general, from the viewpoint of fiber resource utilization, the birds with a higher relative weight or shorter relative length of different gastrointestinal sections would be considered more beneficial.
Our study also showed that the cassava foliage diet improved the relative weights of gizzard, duodenum, jejunum, and ileum of geese as well as the length of the digestive organs (gizzard, duodenum, jejunum, and ileum) compared to the control diet, suggesting that cassava foliage diet is beneficial to the development of digestive organs. Because cassava foliage is lighter and more lignified than other ingredients, diets supplemented with cassava foliage have a lower volumetric weight and lower nutritional content in the same volume. Thus, geese have to intake more cassava foliage diet for nutritional requirement. In addition, the diets supplemented with cassava foliage have a higher fiber content, which enlarge digestive organs and are expected to have physically dilated gizzard wall, leading to increased contraction frequency. These results are consistent with the previous studies on the effects of supplementing roughage on geese Our study further showed that cassava foliage diet shortened the relative lengths of duodenum, jejunum, and ileum compared with the control diet. The shorter gut components in geese may be explained by increased intestinal diameter and similar or greater intestinal surface area of geese fed on diet supplemented with cassava foliage (González-Alvarado et al., 2007; Amerah et al., 2008b) . These results are consistent with some previous reports (Jin et al., 2014; Wang et al., 2014b; He et al., 2015) but contradictory to others. Jorgensen et al. (1996) and Lu et al. (2011) found that high fiber contents led to increased relative length and weight of intestine and caecum of adult ganders and broilers, while Santos et al. (2006) reported that intestinal length was not affected by dietary inclusion of fiber resource (wood shavings) in turkeys. Furthermore, other factors also affected the relative lengths of the digestive tract, such as the age of birds; Amerah and Ravindran (2008a) and Lu et al. (2011) reported that the relative length of the digestive tract decreased with ageing. Fiber sources and level affected the relative lengths of the digestive tract. He et al. (2015) found that the bird fed on corn straw silage diet with the highest fiber content had the lowest relative length of the caecum, small intestine, and total intestine. Amerah et al. (2008b) found the gut components were shorter in birds fed on coarse particle sizes compared with those fed on fine particle sizes diets, so particle sizes is also an important factor of the relative lengths of the digestive tract. The discrepancy in the relative lengths of the digestive tract perhaps has resulted from these factors and needs to be fully considered.
Overall, cassava foliage could supply the necessary fiber, and the appropriate fiber level could facilitate the performance, carcass characteristics, and digestive tract development. In the present study, supplementing growing geese diet with 5% or 10% cassava foliage increased ADG, ADFI, carcass characteristics, relative meat production, and digestive tract development, suggesting that cassava foliage could be used as an ingredient in geese diet. Moreover, geese on diet supplemented with 5% cassava foliage had a higher body weight at the age of 70 D and ADG, a lower ADFI and FCR, and similar carcass characteristics compared with those of geese fed on diet supplemented with 10% cassava foliage. From the perspective of growth performance and feed conversion efficiency, supplementing 5% cassava foliage is more beneficial than supplementing 10% cassava foliage.
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